INTRODUCTION
Increased corn production in the United States has resulted in more byproducts, such as corn stover, available for producers to use as an alternative roughage source (Watson et al., 2015) . In 2014, an estimated 54 gigaliters of ethanol was produced in the United States, with over 98% derived from corn (Renewable Fuels Association, 2015) . Dried distillers grains plus solubles (DDGS), a corn production byproduct, provides supplemental energy and protein for cattle (Klopfenstein et al., 2008) . Using these byproducts for pregnant beef cows during the winter offers economic benefits to cow-calf operations (Kim et al., 2008) , but the effects of DDGS supplementation on intake behavior and resulting nutrition has been studied little. Many intertwined factors affect voluntary intake behavior, which is important when devising diet strategies for gestating animals in the winter (Forbes, 1995) .
Maternal nutrition is essential to fetal and placental development, which affects a calf's lifetime performance (Funston et al., 2010) . Altered intake behavior could amplify the potentially deleterious Abstract: To investigate the effects of corn dried distillers grains plus solubles (DDGS) supplementation to cows fed corn stover and silage during late gestation, 27 multiparous beef cows (674 ± 17 kg; BCS, 5.6 ± 0.1) were divided randomly into 2 pens equipped with electronic feeders. For 10 wk, both groups were fed the basal diet for ad libitum intake while 1 group was supplemented (SUP; n = 12) with DDGS at 0.3% of BW (DM basis). Following parturition, all cows received the same diet for an additional 8 wk. During gestation, SUP cows gained BW (P < 0.01), and there was no change in BCS (P = 0.79). Nonsupplemented (CON) cows tended to lose BW (P = 0.06) and lost BCS (P < 0.01) during gestation. Supplemented cows consumed more forage (P < 0.01) and total feed than CON cows. An interaction of treatment and day was observed for time spent consuming forage (P < 0.01); SUP cows consumed forage faster than CON cows (P ≤ 0.01) early in gestation. Control cows ate more meals than SUP cows (P = 0.06) from d 201 to 218 of gestation. Supplemented cows tended (P = 0.09) to consume larger meals than CON cows and spent more (P < 0.01) time eating than CON cows around d 240 of gestation. Calves born to SUP cows tended (P = 0.06) to be heavier than calves born to CON cows. During lactation, both groups gained (P < 0.01) BW. Body condition score was less (P < 0.05) in CON cows than it was in SUP cows at the end of the study. Dry matter intake during lactation increased (P < 0.01) over time but was not influenced (P = 0.44) by treatment. Supplemented cows spent more time (P < 0.01) eating than CON cows after wk 4 of lactation, and they ate faster than CON cows until wk 3 of lactation whereas CON cows ate faster than SUP cows after wk 6 of lactation (P = 0.01). The number of meals increased with advancing lactation (P < 0.01) and CON cows averaged more meals daily than SUP cows (P = 0.01). Conversely, meal size decreased as lactation advanced (P < 0.01), and SUP cows consumed larger meals than CON cows (P = 0.05). Supplementation with DDGS during gestation influenced intake behavior during gestation and lactation as well as the maintenance of maternal BW and BCS and calf birth BW.
effects of poor diets. Studies that have investigated the effects of DDGS supplementation during late gestation have shown an increased percentage of calves weaned, weaning weights, and ADG (Stalker et al., 2006) , increased growth and reproductive success of heifer calves (Martin et al., 2007) , and an improved quality grade of steer calves (Larson et al., 2009 ).
This paper is a portion of a larger experiment that will address potential fetal programming consequences of our feeding strategy. It was hypothesized that supplementing DDGS to cows fed a low-quality forage diet will alter intake behavior during late gestation, which will impact the maintenance of maternal BW and condition. Therefore, the objective was to investigate the effects of supplementing DDGS during late gestation on feeding behavior, the maintenance of cow body condition and BW, and the use of corn stover as a primary source of forage.
MATERIALS AND METHODS

Experimental Design, Cows, and Dietary Treatments
All procedures were approved by the North Dakota State University (NDSU) Animal Care and Use Committee (IACUC number A14007). Twenty-seven multiparous beef cows (Angus or Angus × Simmental) were divided randomly into a control group (CON; n = 15) and a treatment group (SUP; n = 12) within BW and BCS strata. Cows weighed 674 ± 17 kg, had a BCS of 5.6 ± 0.1, and were 6 ± 5 yr old at the start of the study. Cows were housed at the NDSU Beef Cattle Research Complex in 2 adjacent pens, 1 for the CON group and 1 for the SUP group. Following a 3-wk acclimation period, intake was monitored and controlled via roughage intake control (RIC) feeders (Insentec B.V., Marknesse, Netherlands) beginning on d 201 of gestation for 10 wk. The RIC system is an automated system that identifies cows individually to control and monitor intake. For this experiment, the basal diet was allotted ad libitum to each cow (the system would not reject them after a certain amount consumed), but DDGS was supplemented at a limited amount (the system rejected the animal after a predetermined allotment). Feed delivery occurred twice daily at 0730 and 1630 h); if feeders were empty, fresh basal diet was added as needed. A basal diet of 90% corn stover and 10% corn silage (DM basis; gestational diet 1; 5.0% CP; marginally deficient in NE and deficient in RDP based on the NRC [1996] model) was fed for ad libitum intake to both groups, with the SUP group supplemented with DDGS at 0.3% (DM basis) of BW (Table 1) . Biological and environmental input variables were estimated for the model (NRC, 1996) . Corn silage inclusion was increased to 20% (DM basis) on d 246 of gestation (gestational diet 2; 4.7% CP) and to 30% on d 260 of gestation (gestational diet 3; 5.5% CP) to meet the increased NE demands during pregnancy; however, the supplementation regime remained the same for the SUP treatment. Each pen contained 8 feeders, with all 8 feeders in the CON pen containing the basal forage diet. In the SUP pen, 6 feeders contained the basal forage diet and 2 contained the DDGS supplement. Both pens had free access to water and trace-mineralized salt blocks (955 to 985 g of NaCl/kg, 3.50 g of Zn/kg, 2.00 g of Fe/ kg, 1.80 g of Mn/kg, 280 to 420 mg of Cu/kg, 100 mg of I/kg, and 60 mg of Co/kg).
All cows were fitted with radio-frequency identification tags to facilitate monitoring of individual intake and feeding behavior. Feeding behavior measurements were characterized as described by Islas et al. (2014) and were defined as events (number of meals daily), eating time (minutes per meal and per day), and feed intake (grams per meal and per minute), with data averaged for each cow over 1-wk periods. A meal was defined as a distinct eating period, which could include short breaks between visits separated by intervals no longer than 7 min (Forbes, 1995) . Each feeding behavior measurement was reported for forage (corn stover and corn silage mixture), DDGS, and total intake averaged over each week for the 10 wk of gestation during the experiment. Intake will be discussed in reference to the gestational day midway through each week. On d 270 of gestation, close to expected parturition, all cows were fed the same diet (48% corn stover, 30% corn silage, 22% DDGS on a DM basis; 10.8% CP; Table 1 ) for ad libitum intake for a period of 10 wk; DDGS supplementation ceased and was incorporated into diets. Lactational intake and feeding behavior were defined in the same manner as gestational intake and feeding behavior; however, data will be discussed in reference to week of lactation (as calculated per individual cow). Data for cows are still reported relative to their treatment groups during gestation (as CON or SUP) and are defined as the interval between calving and d 56 of lactation for each cow (an 8-wk period).
Body Weight, Condition, and Rebreeding
During gestation, cows were weighed mid-day (between feed delivery, which occurred twice daily at 0730 and 1630 h) every 2 wk from the initiation of the project until d 242 of gestation. Cows were also weighed on d 180, 216, and 246 (±5 d) of pregnancy, and body condition was scored by the same 3 technicians each time. At parturition and 24 h afterward, cows and calves were weighed. Gestation length was calculated for each cow. During lactation, cows were weighed relative to their individual parturition date, noted as d 14, 28, 42, 44, and 56 of lactation. Body condition was also scored on d 44 of lactation and on leaving the facility at the end of the study (d 61 of lactation ± 8 d).
Following the study, cows were rebred with AI, followed by the use of a cleanup bull for any cows that were not confirmed pregnant with ultrasound. Pregnancy status was confirmed using ultrasound at 35 d (for AI status) and 98 d (for cleanup bull status) after initial breeding.
Feed Analysis
Samples of diets fed during gestation and lactation and of DDGS were collected weekly and analyzed ( Table  1) . Samples were dried in a 55°C oven for at least 48 h and ground to pass a 1-mm screen. Samples were analyzed for DM, ash, N (Kjeldahl method), Ca, P, and ether extract by standard procedures (AOAC, 1990) and for NDF (using heat stable amylase and sodium sulfite and expressed inclusive of residual ash) and ADF (expressed inclusive of residual ash) concentrations sequentially by the methods of Robertson and Van Soest (1981) using a fiber analyzer (Ankom Technology Corp., Fairport, NY). Crude protein was calculated as N concentration × 6.25.
Statistical Analysis
Data were analyzed as repeated measures using generalized least squares (mixed procedure; SAS Inst. Inc., Cary, NC). Model statements included cow, maternal diet (SUP vs. CON), day of gestation or lactation, and the interaction of day and maternal diet and tested all feeding behavior measurements described above as dependent variables. Various covariance structures were assessed; those with the best fit statistics were used (Wang and Goonewardene, 2004) . Two cows were not included in the analysis for early lactation intake behavior due to the death of 1 cow and the death of the other cow's calf, which resulted in her being removed from the experiment. A regression solution was used to estimate the linear slope of BW and BCS over time. For rebreeding data, the Somers' D test was used to estimate the differences in rebreeding success based on pregnancy statuses from AI, bull breeding, or remaining open after both breeding attempts.
RESULTS
Late Gestation
Cows began the experiment with an average BCS of 5.9 (±0.9), but by calving, the CON cows' body conditions decreased to an average of 4.9 (±0.10; P < 0.01) while the SUP cows' body conditions did not change, averaging a 5.7 BCS (±0.10; P = 0.79; Fig. 1A ). Supplemented cows gained BW (P < 0.01) Figure 1 . Body condition scores (A) and body weights (B) of cows fed control (CON) or control plus supplement (SUP) during late gestation. Body condition change was different (P < 0.01) from 0 for CON but was not (P = 0.79) for SUP. Weight change tended to be different (P = 0.06) from 0 for CON and was different (P < 0.01) for SUP.
at an average rate of 1.27 kg/d (±0.15 kg/d) and CON cows had a tendency to lose BW (P = 0.06) at an average rate of 0.23 kg/d (±0.13 kg/d; Fig. 1B) . Finally, calves born to SUP cows tended to be lighter than CON calves (43.3 vs. 40.5 kg, respectively; P = 0.06).
Dry matter intake of DDGS for supplemented cows averaged 2.32 kg/d (±0.40 kg/d) throughout late gestation and was not affected by day (P = 0.40; Fig. 2A ). An interaction of treatment and day (P = 0.01) was observed for forage DMI, where SUP cows consumed more per day than CON cows excepting d 0 and 253. Both groups, after an initial decrease in consumption, increased their daily intake for the rest of gestation. Time spent consuming forage per day was also affected by the interaction of treatment and day (P < 0.01), with CON cows initially spending more time eating forage than SUP cows, followed by SUP cows spending more time eating around d 246 (Fig. 2B ). An interaction of treatment by day was also observed for the intake rate of forage (grams per minute; P < 0.01), with SUP cows consuming forage faster than CON cows early in the experiment, followed by similar rates of consumption with advancing gestation (Fig. 2C) . A main effect of treatment (P = 0.03) and day (P < 0.01) influenced the size of forage meals; SUP cows consumed larger meals than CON cows (1.84 vs. 1.36 ± 0.15 kg), as both groups increased the size of their meals over time after the first week (P < 0.01; Fig. 3A ). An interaction of treatment and day was observed for the number of forage meals consumed daily (P = 0.06; Fig. 3B ) as well as for time spent per meal (P < 0.01; Fig. 3C ) where control cows ate more forage meals the initial week and spent less time eating during the wk 6 (d 239) of the experiment.
Early Lactation
There was a main effect of day (P = 0.04) and treatment (P < 0.01) for change in BCS of cows from the peripartum period (from 15 d before to 24 h after calving) to rebreeding, with both SUP and CON cows losing BCS during early lactation (Fig. 4A) . There was no effect of gestational dietary treatment on cow BW change during the early lactation period for either treatment group (P = 0.84), but there was a main effect of day (P < 0.01; Fig. 4B ). Control cows entered early lactation with an average BW of 700 ± 27 kg and finished the project on d 56 of lactation with an average BW of 678 ± 28 kg, while SUP cows began early lactation with an average BW of 671 ± 26 kg and left the project with an average BW of 708 ± 27 kg.
During early lactation while eating the same mixed ration, DMI increased after calving and then plateaued (P < 0.01; Fig. 5A ), but no difference was observed between treatment groups. There was an interaction of treatment and day (P < 0.01; Fig. 5B ) on time spent consuming feed daily, with SUP cows spending more time eating than CON cows from wk 4 of lactation onward. A treatment by day interaction (P = 0.01) was also observed for rate of feed consumption, with SUP cows consuming more per minute than CON cows around wk 2 of lactation followed by both groups consuming feed at similar rates (Fig. 5C ). Size of meals was influenced by treatment (P = 0.05; CON = 0.6 vs. SUP = 0.9 ± 0.1 kg; Fig. 6A ), and day (P < 0.01), where meals decreased in size with advancing lactation. A main effect of treatment (P ≤ 0.02) and day (P ≤ 0.01) was observed for number of meals ( Fig. 6B) daily; CON cows averaged more meals per day than SUP cows (52.3 vs. 34.9 ± 4.6 meals) as both groups consumed more meals daily with advancing lactation. Time spent eating a meal increased until around wk 4 of lactation and then gradually decreased until the end of the experiment (P = 0.02; Fig. 6C ).
Rebreeding
At rebreeding (78 ± 10 d postpartum), there was no effect of treatment for BCS (P = 0.08). Of the 12 supplemented cows that were rebred in the spring, 8 (66.7%) became pregnant from AI, 3 from bull breeding (25.0%), and 1 remained open (8.3%). There were 14 cows from the CON group that were bred; 7 became pregnant from AI (50.0%), 6 from bull breeding (42.9%), and 1 remained open (7.1%). However, there were no differences (P = 0.15) in pregnancy rates regardless of whether the cow was AI bred, bull bred, or open, as a result of supplementation during gestation. Due to the small number of cows in this experiment, it is not appropriate to interpret these observations as demonstrating or not demonstrating an influence of supplementation on pregnancy rates.
DISCUSSION
Based on the abovementioned results, it is possible to accept the hypothesis that supplementation of DDGS to cows fed a low-quality forage diet altered intake behavior during late gestation, which impacted maintenance of maternal BW and condition. It is plausible that these results were a function of increased RDP, total MP, and NE consumed (when provided the supplement). The influences of gestational treatment also predisposed feeding behavior during early lactation, when maternal BW and condition were altered.
Following analysis using the NRC (1996) model, the aim of creating a basal forage diet deficient in RDP and thus a distinction between treatment groups during gestation was confirmed. Supplemented cows had increased RDP (estimated at 430 vs. 866 g/d, respectively) and MP (estimated at 654 vs. 1,245 g/d, respectively) supply due to DDGS supplementation. The basal diet also did not supply sufficient NE throughout the treatment period but was sufficient on supplementation (14 Mcal of NE m /d compared to 22 Mcal of NEm/d; CON vs. SUP, respectively). As a result, feeding only the basal diet resulted in a loss of body condition and a tendency for weight loss in CON cows while SUP cows maintained body condition and gained weight. These changes occurred at a time when fetal growth is rapidly increasing, so maternal BW was actually decreasing in CON cows. Additionally, the differences observed in BW and condition are supported by the marked differences in intake behavior during late gestation between treatment groups, where SUP cows had increased responses in the majority of variables measured. Specifically, DDGS supplementation increased daily forage DMI ( Fig. 2A) , forage intake rate (Fig. 2C) , and the size of forage meals (Fig. 3A) .
Shifts in feeding behaviors are related to the physiological state of the cow (late gestation vs. early lactation), diet quality, factors that impact satiety or rumen fill, and microbial activity (Forbes, 1995) . This is reflected in the feeding behavior of CON cows, where despite eating the low-quality basal diet more often, cows could have reached ruminal fill satiety without obtaining sufficient nutrition for maintaining BW and condition (especially to meet the demands of pregnancy). Research in the area of intake behavior outlines that protein limitations can affect whole animal physiology through metabolic and chemostatic feedback mecha- nisms (Fisher, 2002) . However, Fisher (2002) points out that when feeding bulky, low-energy feeds, satiety and/or distension is likely the culprit of reduced intake rather than feedback mechanisms. Numerous experiments by Campling (1966) investigating the effect of pregnancy on feeding behavior, point toward the size of the larger, late-term fetus pushing on the rumen being a limiter of intake, which has been a dominant view in the current body of literature. However, more recent work did not find decreases in DMI with advancing gestation in pregnant beef cows (Linden et al., 2014) . In that same study, cows were fed low-quality forage with a protein supplement (soybean meal) and lost BW and BCS, similar to CON cows in this experiment. The authors suggested this was likely due to the diets not meeting energy demands; however, in our study supplementation provided sufficient NEm, which may explain why only CON cows tended to lose weight. Regardless, the numerous factors that could affect intake and thus maintenance of BW and BCS are likely culprits in concert instead of 1 factor such as just fetal size.
It is also probable that the greater amount of rumendegraded protein provided in the supplemented diet increased microbial activity and, therefore, improved nutrient utilization to the SUP group. Improved microbial efficiency can improve animal performance (Hersom, 2007) . Increased ruminal fermentation in the SUP group likely increased overall digestion, especially fiber, which could alter daily intake behavior (Klevesahl et al., 2003) .
It should also be noted that during the gestational treatment period (a 3-mo period), the average temperature was −10°C (minimum, −26°C; maximum, 16°C) and wind speed was 18 km/h (minimum, 0 km/h; maximum, 74 km/h), which created very cold conditions (especially during the last month of gestation) for the cows and certainly could have contributed to weight and body condition loss.
During early lactation, when both groups were consuming the same diet (which was of higher nutritional value due to increased corn silage and DDGS inclusion), only a few differences in feeding behavior carried over from the gestational dietary treatments. Previously SUP cows still spent more time eating larger meals than the CON group; however, CON cows consumed more meals daily than SUP cows. The lack of an overall treatment effect on BW during early lactation may be reflective of the large changes in BW the CON group experienced compared to the relatively stable state of the SUP group. Control cows gained BW to quickly reach similar weights to those of the SUP group, clearly exhibiting some compensatory weight gain, but their body condition did not recover as quickly.
In conclusion, supplementation of DDGS to cows fed corn stover and silage during late gestation altered feeding behavior and allowed for maintenance of body condition and BW gain. This research can contribute to new approaches for optimizing fetal development and subsequent beef cattle productivity, such as conception rates and postpartum intervals (Banta et al., 2005) , with the use of corn byproducts (corn stover and DDGS). In particular, this work will further acquaint producers with the value of supplementing cows during late pregnancy, notably via the use of DDGS as a beneficial energy and protein source that could subsequently alter intake behavior of basal diets during both gestation and lactation.
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